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ABSTRACT 
The ergastoplasm (granular endoplasmic reticulum) of parotid acinons cells of the mouse 
is described with special emphasis on unusual forms  of this  membranous system.  In the 
majority of the  acinous cells  the ergastoplasm appeared  in sections  to  consist of a  large 
number of separate flattened cisternae.  In some acinous cells, however, the ergastoplasm 
was disposed as a very small number of large membranous formations. Although extensive 
and complicated in form, these latter formations could be seen, from the examination of a 
single section, to consist of a single expanse of membrane continuous with the nuclear en- 
velope. Certain acinous cells exhibited ergastoplasmic formations which appeared to repre- 
sent intermediate stages  of a  fragmentation or  metamorphosis of the  larger  formations 
toward  the  more  usual form  of ergastoplasm.  These  observations suggest  the  possibility 
that  the  early elaboration of ergastoplasm consists  in the  production, in relation to  the 
nuclear envelope, of large,  complicated membranous formations that subsequently sever 
their connection with the nuclear envelope and form a large number of separate, or tenu- 
ously connected, cisternae. The majority of the large, complicated ergastoplasmic forma- 
tions were seen in parotid glands of mice that had been starved for 4 days and subsequently 
fed for a variable number of hours, but some were found in glands that were not subjected 
to  experimental treatment.  The  tissues  studied  were  prepared  for  electron microscopic 
examination by fixation in osmium tetroxide, dehydration in alcohol, imbedding in butyl 
methacrylate, sectioning with a glass knife, staining with lead hydroxide, and sandwiching 
with formvar. 
INTRODUCTION 
The  fine  structure  of  the  parotid  gland  of  the 
mouse has been twice described in recent publica- 
tions  (1,  2).  The  acinous cell of this  gland, like 
many  other  glandular  cells  that  produce  pro 
teinous secretory materials, has a  well developed 
ergastoplasm or  granular endoplasmic reticulum 
consisting of  broad,  flattened,  ribosome-studded 
membranous vesicles or cisternae. In sections cut 
perpendicular  to  their  broad  surface,  the  cis- 
ternae of the vast majority of acinons cells appear 
in  profile  as  long,  thin  membranous enclosures 
that  begin and  end  blindly, do  not show  inter- 
connections with other cisternae, and thus appear 
to  be  separate.  However,  since  it  is  impossible 
to  draw  comprehensive  and  exact  conclusions 
concerning  the  three-dimensional  morphology 
of the cisternae from examining a  single section, 
it cannot be known with certainty in the absence 
of  a  serial-section  study  whether  the  cisternal 
profiles  in question represent separate vesicles  or localized  enlargements  of  a  single,  continuous 
membranous  formation  (@  Palade  and  Porter, 
3).  This  paper  reports  observations  on  acinous 
cells  whose  ergastoplasm,  though  not  less  abun- 
dant  than  in  the  majority  of cells,  could  be seen 
upon  examination  of  a  single  section  to  consist 
of,  or  derive  from,  a  single,  large,  complicated 
membranous  continuum  or  a  small  number  of 
similar  membranous  continua.  These  complex 
ergastoplasmic  formations,  which  exhibited  an 
extensive  continuity  with  the  nuclear  envelope, 
are  tentatively  interpreted  as  representing  an 
early  stage  in  the  elaboration  of  ergastoplasm. 
MATERIAL  AND  METHODS 
This paper reports observations on the ergastoplasm 
of parotid  acinous  cells  of approximately  100  mice, 
most  of which were  adults.  Some  of the  mice  were 
starved  for  3  or  4  days  and  refed  for  some  hours 
before  tissues were  taken.  Other  mice  were  merely 
starved  without  refeeding.  Miscellaneous  observa- 
tions  on  the  parotid  gland  of rat,  connective  tissue 
cells  of mouse  and  rat,  and  the  liver  of the  mouse 
are also mentioned. The tissues used were taken from 
nembutal-  or  urethane-anesthetized  animals  and 
fixed in ice-cold modified Palade's osmium tetroxide 
fixative containing 0.22  tvt sucrose (cf.  Caulfield,  4), 
dehydrated in ethyl alcohol~  and imbedded  in butyl 
FIGURE  1 
Low power view of a  parotid acinous cell whose ergastoplasm is disposed as three large 
complicated cisternac (A,  B, and C). The outer layer of the nuclear envelope is traced 
in India ink to show that it is continuous with the cytoplasmic membranes that com- 
pletely embrace cisternac A and B. At the right is another cell containing similar ergas- 
toplasmic formations. Cisternae C and D  do Rot show connections with nuclear envelope, 
but cisterna E  appears  to be  an enlargment of a  single plication  of the outer layer of 
nuclear envelope. A  Golgi apparatus is seen between cisternac A and B  of the one cell, 
and secretion granules are seen at the extreme right of the other.  A  fascicle of unmy- 
elinated  nerves passes above  the two  cells  described.  Experimental  treatment:  mouse 
starved for 24 hours.  X  9000. 
FIGURE 
Higher magnification of larger cell in Fig.  l, permitting closer examination of relation- 
ship of cisternac A and B with nuclear envelope. It will be noted that cisterna A exhibits 
a  total  of four  connections while  B  shows approximately  twelve.  The  space  of each 
formation is observed to be a  single continuous space that branches and anastomoses 
to divide the cytoplasm into numerous islands. Two simple plications of nuclear mem- 
brane are indicated by arrows.  Experimental  treatment: mouse starved for  24 hours 
;<  17,000. 
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peroxide and polymerized at 50°C. Some tissues  were 
imbedded in Araldite, but to no appreciable advant- 
age. Sections were cut with a Porter-Blum microtome 
using glass  knives, stained for 20 to 30 minutes with 
lead  hydroxide  (5),  sandwiched  with  Formvar  (6), 
and examined with a  Siemens Elmiskop Ia operated 
at 60 kv using 50 u  objective apertures.  Polystyrene 
latex spherules (courtesy of Dow Chemical Co.) were 
occasionally used  as  a  focusing aid. 
OBSERVATIONS 
In  the  great  majority  of  parotid  acinous  cells 
examined,  the  structural  units  of  the  ergasto- 
plasm  or  granular  endoplasmic  reticulum  ap- 
peared in sections to be broad,  flattened, separate 
membranous vesicles or cisternae  (Fig.  11).  How- 
ever,  a  relatively  small  number  of  the  acinous 
cells were notably exceptional in that  their ergas- 
toplasm  appeared  to  consist  of  a  single,  large, 
complicated  formation  consisting  of a  continuous 
expanse  of  membrane  or  of  a  small  number  of 
such  formations.  Moreover,  in  cases  where  the 
section  passed  through  the  nucleus  of such  cells, 
the  ergastoplasmic  formations  were  revealed  to 
be  broadly  continuous  with  the  outer  membrane 
of  the  nuclear  envelope.  These  formations  of 
ergastoplasm  and  their  relations  to  the  nuclear 
envelope  are  perhaps  most  simply  described  in 
terms  of  their  appearance  in  sections. 
Description 
Ordinarily,  the outer membrane  of the nuclear 
envelope lies parallel to the inner membrane  and 
follows  the  contour  of the  nuclear  surface;  how- 
ever,  simple  plications  of  the  outer  membrane 
are  not  uncommonly  seen  in  parotid  acinous 
cells.  If,  in  examining  these  simple  plications, 
the  profile  of the  outer  layer  of the  nuclear  en- 
velope is  traced,  it can be observed to extend out 
into  the  cytoplasm  for  a  variable  distance,  fold 
back on itself and return  to the nucleus, rejoining 
the nuclear envelope a  few hundred  A  units from 
the point at which it had  departed  from the con- 
tour  of the  nucleus.  Thus  a  portion  of the  outer 
membrane of the nuclear envelope forms a double- 
layered fold that projects into the cytoplasm where 
it is not distinguishable from cytoplasmic ergasto- 
plasm,  and  the  space  enclosed  between  its  two 
parallel layers  is continuous  with  the  perinuclear 
space  (space  between  the  two  membranes  of 
the  nuclear  envelope).  Two  examples  of  simple 
plications are seen in Fig. 2. The prominent forma- 
tions  of  ergastoplasm  under  consideration  here 
often appear,  at least at first glance,  to be related 
to  the  nuclear  envelope  in  a  more  complicated 
fashion.  If,  in  the  case  of  these  formations,  e.g. 
Fig.  1,  the  profile of the  outer  membrane  of the 
nuclear  envelope  is  traced  in  a  manner  similar 
to  that  described  above,  it  can  be  observed  to 
(a)  depart  from  the  contour  of  the  nucleus,  (b) 
extend  out  into  the cytoplasm for  a  considerable 
distance,  and  (c)  return  to the nucleus  at a  point 
relatively  far  removed  from  its  initial  point  of 
departure.  Of the two large extensions of the outer 
membrane of the nuclear envelope seen in Fig.  1, 
one  membrane  profile  was  conservatively  esti- 
mated  to run  a  distance of 28 ~  in the cytoplasm 
before  returning  to  the  nucleus  2  #  from  the 
point  where  it started;  the  other  profile was  ap- 
proximately  20  #  long,  its  points  of origin  and 
termination  on  the  nucleus  being  8  ~  apart. 
Each  of the  two  membranous  outgrowths  repre- 
sented  by  these  profiles  appears  in  section  to 
form  the  outermost  part  of  a  large  complicated 
ergastoplasmic formation.  The complicated shape 
of  the  space  immediately  related  to  each  of the 
membranes  whose  profiles  were  traced  above 
provides an indication of the morphological com- 
plexity  of  the  expanse  of  membrane  enclosing 
it.  This  space  is  obviously  not  the  simple-space- 
contained-between-two-parallel-membranes  usu- 
ally  seen  in  ergastoplasmic  cisternae;  it  is  con- 
tinuous  at  numerous  points  with  branches  that 
extend  toward  the  nucleus,  anastomosing  and 
rebranching repeatedly to divide the ground cyto- 
plasm  into  numerous  apparently  separate  masses 
that  appear  in  section  as  "islands,"  and  ulti- 
mately  communicate  with  the  perinuclear  cis- 
terna  in a  variable  number  of places.  (In Figs.  1 
and  2,  the space  within  one of the large ergasto- 
plasmic  formations  communicates  with  the  peri- 
nuclear  space  in  four  places;  that  of  the  other 
communicates  in  approximately  twelve  places.) 
Interpretation  of  Three-Dimensional 
Morphology 
Certain  inferences  concerning  the  three- 
dimensional  structure  of  these  large  formations 
of ergastoplasm can be drawn from their appear- 
ance  in  section.  It will be  noted  (Figs.  1 and  2) 
that the space in each of these formations, despite 
its  complicated  labyrinthine  appearance,  is  a 
single  continuous space  whose  entire  surface  is 
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some-studded  membrane  (also  see  Figs.  5  to  7, 
in  which  similar  formations  are  illustrated). 
It  is  axiomatic  that  a  single  continuous  mem- 
brane-enclosed  space,  however  complicated  its 
shape,  must  be  enclosed  by  a  single  continuous 
expanse  of membrane; i.e.,  the  single space  and 
its  single  enclosing membrane  must  constitute  a 
single  cisterna.  Therefore,  the  possibility should 
be  considered  that  all  the  apparently  separate 
membrane profiles in  a  section  through  a  single 
large  ergastoplasmic  formation  represent  parts 
of a  single expanse of membrane. This possibility 
is examined in the following paragraph. 
It  is  obvious  that  the  (traced)  profile  of  the 
outermost  part  of each  ergastoplasmic  formation 
in Fig.  1 represents a  portion of a  single continu- 
ous expanse of membrane. However the relation- 
ship of this expanse of membrane to the membrane 
surrounding  the  "islands"  of  cytoplasm  and 
separating them from  the space  presents a  prob- 
lem  of  interpretation.  It  cannot  be  determined 
from the appearance of a  single section of a  given 
"island"  of  cytoplasm  whether  it  represents 
(a)  an  unattached  mass  of  cytoplasm  that  was 
invaginated and  pinched  off into  the  space  and 
thus  completely  separated  from  the  remaining 
ground  cytoplasm,  or  (b)  an  elongate  trabecula 
of  cytoplasm  projecting  into  or  through  the 
membrane  formation  while  retaining  its  con- 
tinuity with  the  remainder  of  the  ground  cyto- 
plasm.  In the  case of unattached  masses of cyto- 
plasm,  the  membrane surrounding each  "island" 
would have derived from the membrane enclosing 
the space,  but would not be  a  part  of it.  In the 
case  of  trabeculae  of  cytoplasm  projecting  into 
or through the space,  the membrane surrounding 
each  "island"  profile  would  actually  constitute  a 
part  of  the  continuous  expanse  of  membrane 
surrounding  the  space.  Circumstantial  evidence 
favors  the  probability that  the  "islands"  of cyto- 
plasm represent trabeculae.  In Figs.  1,  5,  and  6, 
numerous places are seen where an elongate mass 
of cytoplasm projects  into an ergastoplasmic for- 
mation.  Such  projections  of  cytoplasm  would 
probably appear as islands if sectioned  in a  plane 
perpendicular  to  their  long  axis.  It  therefore 
seems likely that the membranes surrounding the 
islands of cytoplasm are actually a  part of a single 
expanse  of membrane  and  that  an  ergastoplasmic 
formation  which appears in section to contain islands of 
cytoplasm  separated by  a  single  continuous space  is  a 
single cisterna with numerous trabeculae of ground cyto- 
plasm projecting into  it.  The same formation might 
be  differently  described  as  a  cisterna  whose 
membranous  wall  was  thrown  into  numerous 
tubular invaginations. A  cisterna with finger-like 
processes  of cytoplasm projecting into it for vari- 
able distances evokes the analogy of a  thin rubber 
glove  that  is  tied  at  the  wrist  to  form  a  closed 
bag,  and  has  its  fingers  invaginated  into  the 
metacarpus. 
Another  feature  of  the  large  complicated  cis- 
ternae  that  cannot be interpreted  with  complete 
certainty from examination of a  single section is 
their  tendency  to  exhibit  multiple  sites  of  con- 
tinuity with the nuclear membrane (Figs.  2,  5 to 
7).  The  question arises  how  the  membrane con- 
stituting  a  formation  of  ergastoplasm  can  be  a 
single  expanse  of  membrane  and  yet  appear 
to  have  separate  points  of  continuity  with  the 
nuclear membrane.  No  attempt  to  deal  with  all 
possible  explanations  will  be  made,  but  three 
possibilities are mentioned in a  necessarily specu- 
lative  fashion.  Firstly,  two  or  more  originally 
separate  formations  of  ergastoplasm,  each  con- 
nected  to  the  nuclear  membrane,  might  have 
fused  together  in  their  more  distal  parts  while 
retaining  separate  attachments  to  the  nucleus. 
Secondly, a  large ergastoplasmic formation could 
be connected to  the  nucleus by a  single elongate 
plication of the  outer  nuclear membrane which, 
by reason of running a  curved  and/or branched 
course  along  the  nuclear  surface,  could  be  sec- 
tioned  in such  a  plane  that  it  would  appear  as 
one or  two  or  more separate  profiles in a  single 
section.  This  conception  of  the  ergastoplasmic 
formations  as,  in effect,  peripheral  enlargements 
of  a  single  plication  of  nuclear  membrane  was 
suggested  by  the  image  of cisterna  E  of Fig.  1, 
and other similar profiles; it is diagrammatically 
presented in Figs. 3 and 4, which are described in 
some  detail  below.  A  third  possible explanation 
of  the  relation  of  ergastoplasmic  formations  to 
nuclear  envelope  is  suggested  by  the  miniature 
ergastoplasmic formations in Figs. 5 and  7. These 
images suggest that  the  origin of such  membra- 
nous formations may involve a  membrane growth 
pattern  resulting in  the  gradual  elevation of an 
expanse of the outer layer of the nuclear membrane 
to  create  an  enlarged  perinuclear  space  into 
which  membrane-covered  trabeculae  of  cyto- 
plasm extend. 
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many  of  the  essential  features  of  the  ergasto- 
plasmic  formations  described  above.  The  dia- 
grams  depict  a  relatively  simple  cisterna  with 
seven cylindrical trabeculae  of cytoplasm project- 
ing into one of its ends.  The cisterna  is imagined 
as  being  attached  to  a  plication  of  the  nuclear 
envelope  along  a  horseshoe-shaped  line.  Fig.  3 
is a  three-dimensional drawing of a  portion of the 
formation,  showing  the  nature  of its  attachment 
to the nucleus,  and indicating that in a  transverse 
section  passing  through  the  horseshoe-shaped 
plication the formation would appear  to have two 
attachments  to  the  nucleus  while  a  section  taken 
at a  different level would show no  attachment  to 
the  nucleus.  The  figure  shows  the  pores  in  the 
nuclear  envelope,  but  does  not  show  ribosomes. 
Fig.  4  shows  how  transverse,  sagittal,  frontal, 
and  oblique  sections  through  the  cisterna  would 
appear.  The  trabeculae  of cytoplasm are  lettered 
A  to  G.  Ribosomes  are  shown  on  the  external 
surface  of  the  ergastoplasmic  membrane  and 
outer  layer  of  the  nuclear  envelope.  The  trans- 
verse sections  (upper  left)  are  taken  through  the 
two  levels  shown  in  Fig.  3;  in  one  section  the 
cisterna  appears  to  have  two  connections  to  the 
nuclear envelope while in the other no connection 
is seen. The space is seen to be a single continuous 
labyrinthine  space  that  separates  seven islands  of 
cytoplasm from one  another,  and  which  appears 
to  be  contained  within  a  single outer  membrane 
that  may  or  may  not show  connections  with  the 
nuclear  envelope,  depending  on  the  level of  the 
section.  Planes  X  (sagittal)  and  Y  (frontal)  are 
indicated  in  one  of the  cross-sectional  diagrams. 
The  sagittal  plane,  passing  through  cytoplasmic 
trabeculae  C,  D,  and  E,  is  shown  in  the  upper 
right.  The  trabeculae  are  seen  to  be  continuous 
with  the  ground  cytoplasm at  the  left end  of the 
cisterna.  At  this  plane  of section,  only  one  con- 
nection  with  the  outer  nuclear  envelope  is  seen. 
The  frontal  section  (lower  left)  passing  through 
trabeculae  A,  C,  and  F  at  plane  Y  appears  very 
much like a  sagittal section, but shows no connec- 
tion  to  the  nuclear  envelope.  This  diagram  also 
shows,  as  a  dotted  line,  the position of the horse- 
shoe-shaped  line  of  attachment  of  the  membra- 
nous plication  connecting  nuclear  envelope  and 
cisterna.  In  addition  it  shows  the  position  of 
plane  Z  passing  obliquely  through  the  cisterna. 
The  appearance  of  such  an  oblique  section  is 
shown in the lower right. Here the majority of the 
cytoplasmic trabeculae appear  as elliptical islands 
separated  by  a  complicated  branching  and 
anastomosing  space.  Trabeculae  F  and  G  appear 
as  concavities  in  the  outer  membrane  layer. 
One  connection  with  the  nucleus  is  seen  in  the 
section. 
Each  of the  structural  features  or  relationships 
shown  in  the diagrams  of oblique and  transverse 
sections is exemplified in one or more of the elec- 
tron  micrographic  illustrations.  Examples  of 
ergastoplasmic  formations  without  a  visible 
connection  to  a  nucleus  are  illustrated  by  cis- 
ternae C and  D  in Fig.  1.  A  formation showing a 
single connection  with  a  nucleus  is  illustrated  by 
cisterna  E  in  Fig.  1.  Double  (Fig.  6)  as  well  as 
multiple connections  (Figs.  1,  2,  5,  and  7)  with a 
nucleus are also shown, A  complicated branching- 
and-anastomosing  profile  of  a  space  is  seen  in 
Figs.  1,  2,  5 to  7.  Some of the cytoplasmic islands 
show  a  rounded  outline  (Figs.  2,  5  to  7),  while 
others  are  prominently  elongate  (Figs.  5  and  7). 
The  diagrams  of sagittal  and  frontal  sections  are 
so  idealized  that  the  probability  of finding  exact 
counterparts  in nature  is very low.  However,  the 
diagram of a  frontal section, which is reminiscent 
of the image of a  comb having a  short  back  and 
four  long  teeth,  bears  a  strong  resemblance  to 
the large cisterna shown in Fig. 8, which resembles 
a  comb with a  short back and five teeth. 
Frequency  of  Occurrence 
The  chief criteria  of recognition  of these  com- 
plicated  formations  of  ergastoplasm  in  sections 
arc  (a)  the  presence  of  a  continuous  outermost 
membrane  which  embraces  the  whole  formation 
and  which  may  or  may  not  exhibit  connections 
with  the  outer  nuclear  membrane,  and  (b)  a 
labyrinthine  space  which,  by  its  branching  and 
anastomosing,  appears  to  separate  the  ground 
cytoplasm inscribed  by  the  outermost  membrane 
into a number of islands.  (c) A third feature, which 
is seen in  the sagittal  and  frontal  sections  of Fig. 
4,  is the repeated  branching  of the space without 
the  appearance  of  islands.  The  cisternal  profile 
in the frontal section, e.g., exhibits two generations 
of branches:  if the profile of any part of the space 
is traced toward  the right, it is seen to divide into 
a  long  and  short  branch,  the  latter  of  which 
rebranches.  It will be  apparent  that  if a  greater 
number  of trabeculae  of cytoplasm were  project- 
ing  into  the  cisternal  formation  diagrammed,  a 
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For explanation see text on facing page. 
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appear  in  this  kind  of  profile. 
On  the basis of the criteria of recognition enu- 
merated above, the following account can be given 
of  the  observed  frequency  of  occurrence  of  the 
complicated  ergastoplasmic  formations.  Twenty- 
nine  parotid  acinous  cells  of  mice  were  seen  in 
which  substantially  all  the  ergastoplasm  present 
in  a  cell  consisted  of  cisternae  exhibiting  the 
complicated  configuration  described  above. 
Thirty-five  acinous  cells  contained  a  "mixture"; 
i.e.  a  portion  of  the  ergastoplasm  appeared  as 
simple,  apparently  separate  cisternae  while  the 
remainder  took  the form of variably complicated 
cisternae,  the  more  complicated  of  which  ex- 
hibited  branchings and  anastomoses  surrounding 
islands  of  cytoplasm  while  the  less  complicated 
ones  were  characterized  merely  by  numerous 
generations of branchings (Figs.  9,  10). The occur- 
rence  of cells  containing  mixtures  of simple  and 
complicated cisternae,  some of which, like that in 
Fig.  10,  appeared  on casual  examination to  have 
the  "usual"  form of ergastoplasm  exemplified  in 
Fig.  11,  suggests  that  the  large  complicated  cis- 
ternal  formations  may  represent  a  short-lived 
stage  in  the  development  of  the  ergastoplasm, 
which  gradually  undergoes  a  metamorphosis 
and/or  fragmentation resulting ultimately  in  the 
appearance  shown  in  Fig.  11. 
The  64  cells  enumerated  above  were  found  in 
thirteen animals out of 100 examined (one section 
was  examined  for  each  animal).  Six  of  the  cells 
were  seen  in  five  animals  that  had  received  no 
experimental  treatment.  Three  were  seen  in  one 
animal  that had  been starved  for  94  hours.  The 
remaining  53  cells  were  seen  in  seven  animals 
that had  been starved  for  3  or  4  days  and  refed 
for  3  to  8  hours  (no  large  complicated  cisternae 
were  found  in  six  animals  that  were  starved  4 
days but not refed). 
Similar  unusual  formations  of  ergastoplasm 
have  been  seen  by  the  writer  in  other  cells  as 
follows:  nine connective tissue cells of mouse and 
rat;  two  parotid  acinous  cells  of  rat;  and  one 
hepatic cell of mouse. 
DISCUSSION 
The  ergastoplasmic  cistcrnae  described  in  this 
paper  are  remarkable  for  their  large  size,  com- 
plicated shape,  and extensive continuity with  the 
nuclear membrane. They were easily recognizable 
in  well  fixed  or  poorly  fixed  material,  and  in 
materials  that  had  suffered  "methacrylate  ex- 
plosion."  They  were  seen  in  acinous  cells  that 
contained  secretion  granules  and  in  cells  that 
appeared  not to  contain granules;  therefore  their 
occurrencc  could  not  be  related  to  the  secretory 
state  of a  cell.  The  possibility is  recognized  that 
they  may  represent  artifacts  arising  from  tech- 
nical preparation procedures. 
FIGURE 5 
Parotid  acinous cell  with large ergastoplasmic formation related to  its nucleus.  Thc 
formation begins and ends at points indicated by arrows. Its space is a single continuous 
space;  i.e.,  it is possiblc to  trace the spacc from any givcn point to  any other point 
without having to cross a  membrane or pass into thc perinuclcar cisterna.  It should 
also  be  noted  that  the  space  shows  sixtcen sites  of continuity  with  the  pcrinuclear 
cistcrna. A  separate "miniature" crgastoplasmic formation containing only one island 
of cytoplasm is seen at the bottom of the nucleus. The upper right corner contains a 
portion of another acinous cell with similar crgastoplasm. In the lowcr right a number 
of secretion granules are seen.  Expcrimcntal treatment: mouse starved for 4 days and 
refed for 4 hours.  X  19,000. 
FIGURE 6 
Parotid acinous cell containing a  single large cisterna of ergastoplasm that shows two 
points  of continuity with nuclear  membrane  (arrows).  If the outer  layer  of nuclear 
membrane is traced out from the left arrow it can be followed out into the cytoplasm 
where  it inscribes a  large area  before leaving the field at the lower right  (triangle). 
The same membrane can be picked up above (triangle) and traced to the point where 
it communicates with the nuclear membrane at right arrow. A large continuous space 
containing numerous islands of cytoplasm is embraced by the membrane thus traced. 
Experimental treatment: mouse starved for 4  days and refed for 4  hours.  X  16,000. 
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formations,  a  definitive statement of their signifi- 
cance must await studies of their origin and fate. 
However,  certain  of  their  features  call  for  com- 
ment at the present time. 
There  is  insufficient  evidence  at  present  to 
establish  whether  the  large  ergastoplasmic  cis- 
ternae  associated  with  the  nuclear  envelope 
represent  the  result  of  (a)  a  generative  process 
following a  recent mitosis,  (b) a  regenerative proc- 
ess  following  a  period  of  depressed  metabolism, 
or  (c)  a  degenerative process associated  with  pro- 
longed  inanition.  The  third  possibility  is  argued 
against by the facts that the large formations were 
seen, albeit in small numbers, in non-experimental 
tissues but did  not  occur with sufficient frequency 
to  be  detected  in  animals  that  were  starved  4 
days  and  not refed.  On  the other  hand,  seven of 
the  cells  of  starved-and-refed  animals  that  con- 
tained  the  large  ergastoplasmic  cisternae  also 
contained  a  vacuole  of  variable  size,  indicating 
that  the  cells  may  have  undergone  degenerative 
changes  during  the  period  of  starvation.  The 
second  possibility  (regenerative)  tends  to  be 
ruled  out  by  the  consideration  that,  since  all 
acinous  cells  would  presumably  be  equally  af- 
fected  by  prolonged  starvation,  any  manifesta- 
tions of regenerative activity should  be seen in all 
cells  of starved-and-refed  animals.  The  first  pos- 
sibility (generative, following mitosis) seems more 
probable  than  the others: although cells contain- 
ing  the  large  cisternae were  seen relatively infre- 
quently,  they  were  seen  more  frequently  than 
were  mitotic  figures.  In  eight  instances  the  cells 
occurred  in  pairs,  suggesting  that  both  cells  of 
each  pair  were  the  progeny  of  a  recent  mitotic 
division.  Since  mitoses  are  relatively  rare  in  the 
adult  gland  (unpublished  observation  by  the 
author),  recently divided cells must also be rarely 
encountered  in  the  normal  adult  gland.  How- 
ever,  ergastoplasmic  configurations  typical  of  a 
recently divided cell might be expected  to appear 
in  larger  numbers  in  glandular  cells  whose 
generative  processes  had  been  synchronized  by 
simultaneous  access  to  nutriment  following  a 
prolonged  period  of deprivation during  the early 
part  of which  a  number  of cells  had  undergone 
mitosis.  There is,  therefore, reason to suspect that 
large  cisternae  associated  with  the  nuclear  mem- 
brane represent an early  stage  in  the elaboration 
of ergastoplasm. 
Concerning  the  origin  and  manner  of  growth 
of  the  large  cisternae,  little  can  be  ascertained 
from the data available.  It is attractive to suspect 
that they take their origin from the nuclear mem- 
brane,  especially  in  view  of  their  complicated 
attachment  to  the  nucleus.  The  possibility  that 
the  nuclear  envelope  serves  as  a  source  of  new 
cytoplasmic  endoplasmie  reticulum  is  mentioned 
in a  recent review by Porter  (7),  and continuities 
between nuclear  envelope  and  cytoplasmic endo- 
plasmic  reticulum  have  been  seen  in  numerous 
cells  since  the  relationship was  first described  by 
Watson  (8).  Also,  Whaley et  al.  (9)  observe that, 
in  maize,  connections  of  endoplasmic  reticulum 
with  the  nuclear  envelope  are  more  numerous 
in  meristematic  than  in  differentiated  cells, 
even  though  the  latter  cells  may  have  a  more 
abundant  reticulum.  However,  Slautterbach 
and  Fawcett  (10)  describe  cisternae  of  granular 
FIGURE  7 
Parotid acinous cell, showing a part of a large cisternal formation. Its membrane arises 
as a  continuation of the nuclear envelope  (arrow),  passes out into the cytoplasm in a 
course parallel to that of the plasma membrane, and leaves the field at the lower left 
corner. The whole membranous formation inscribed by this outer membrane is related 
to a single continuous branching-and-anastomosing space that communicates with the 
perinuclear  cisterna  in  a  number  of places.  A  miniature  ergastroplasmic  formation 
containing two islands of cytoplasm is attached to the right end of the nucleus. A part 
of a  large cytoplasmic vacuole is seen at the lower right corner of the picture.  Experi- 
mental treatment: mouse starved for 4 days and refed for 4 hours.  X  18,000. 
FIGUIIE 8 
Parotid acinous cell showing branched profile of a  single cisterna  (arrow)  which re- 
sembles the "frontal section" diagram in Figs. 3 and 4. Experimental treatment : mouse 
starved for 4 days and refed for 4 hours.  X  29,000. 
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coalescence  of  membranous  vesicles  in  the  cyto- 
plasm,  and Palade  (11)  has  seen indications that 
membranous  vesicles  invaginating  from  the  cell 
surface  contribute  to  the  substance  of  the  endo- 
plasmic  reticulum.  In  the  present  material  it  is 
not possible to decide whether the large cisternae 
grow  by  the  synthesis  of  membrane  at  or  near 
the level of the nuclear surface, or by coalescence 
with  pre-existent  membranous  structures.  What- 
ever  the  significance  of  the  nuclear  relationship 
may  be,  it  appears  to  be  important  at  one  time 
during the history of the cell. Porter (7), reviewing 
the  morphological  attributes  of  endoplasmic 
reticulum,  expresses  the  view  that,  "For  concep- 
tual  purposes..,  it  is  reasonable  to  regard  the 
nuclear envelope  as  the constant part of the  [endo- 
plasmic  reticulum]  system  and  to  think  of  the 
cytoplasmic  parts  as  derivatives  or  extensions 
of the envelope.  In other words  the ER  becomes 
a  unit  system  of  the  cell  based  on  the  nuclear 
envelope  ....  "  Elsewhere  (13)  Porter  says  "It 
is conceptually useful  and  possibly valid  to  think 
of  the  cytoplasmic  part  of  the  [endoplasmic  re- 
ticulum]  system as  an outgrowth  of the  [nuclear] 
envelope."  This  conceptual  characterization, 
as  it  applies  to  ergastoplasm,  is  illustrated  with 
an almost exaggerated clarity by the large ergasto- 
plasmic  cisternae  described  in  this  paper.  These 
cisternae  are  certainly  extensions,  if  not  deriva- 
tives,  of  the  nuclear  envelope,  and  it  could  be 
said,  with  some  truth,  of  the  cells  illustrated  in 
Figs.  1,  2,  5  to  7  that  few  points  in  their  cyto- 
plasm  are  removed  from  the  nuclear  membrane 
(or  its  extension)  by  more  than  a  fraction  of  a 
micron. 
The  fate of the large  ergastoplasmic extensions 
of  the  nuclear  membrane  appears  to  be  detach- 
ment  from  the  nuclear  envelope  and  a  gradual 
fragmentation  into  simple  flattened  cisternae,  or 
a  metamorphosis  into  a  continuum  consisting 
of  flattened  cisternae  so  tenuously  connected  by 
tubular  elements  as  to  appear  in  sections  as  an 
aggregation of separate cisternae (cf. observations 
on  whole  mounts  of  parotid  acinous  cells  from 
new-born  rats,  reference  3).  Intermediate  stages 
of  the  fragmentation  process  or  metamorphosis 
appear  in  sections  as  "mixtures"  of  cisternal 
profiles,  some  of  which  appear  to  represent 
simple  separate  cisternae  while  others  retain 
some  of  the  morphological  characteristics  of  the 
large complicated cisternae. 
It  will  be  recalled  that  the  writer  has  seen 
unusual  ergastoplasmic  formations  in  several 
FIGURE 9 
Basal part of a parotid acinous ceU. The ergastoplasm in this cell exhibits to some extent 
the parallel arrangement of elongate cisternal profiles that is usually seen in acinous 
cells.  However,  although a  number of separate cisternal profiles are present,  careful 
examination reveals that most of the ergastoplasm in the left half of the cell is disposcd 
as  a  single cistcrna showing  many  generations  of branchings.  Various  parts  of this 
single cisterna arc indicated by arrows.  A  large but less  complicated cistcrna is  also 
seen in the right half of the cell. A Golgi apparatus and some secretion granules appear 
in the upper right.  Experimental treatment: mouse starved for 4 days and refed for 4 
hours.  X  14,000. 
FIGURE  10 
Basal part of a  parotid acinous cell. The ergastoplasm appears at a  glance  to  present 
the usual aspect of endoplasmic reticulum in acinous cells, but a considerable amount ot 
branching  and  anastomosis  is  evident.  The  cisterna  above  mitochondrion  M,  e.g., 
exhibits five branches in the immediate vicinity of the mitochondrion. A  portion of a 
fascicle of non-myelinated nervous tissue is seen at the lower left.  Experimental treat- 
ment: mouse starved for 4 days and refed for 4 hours.  M 27,000. 
FmvaE  11 
Basal part of parotid acinous cell showing usual appearance of ergastoplasm. The two 
profiles indicated by the arrow appear to represent tangential sections passing through 
convex portions of two cisternae. All other cistcrnal profiles that lie completely in the 
field begin and end blindly and do not show interconnections.  X  25,000. 
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Endoplasmic  reticulum formations of less compli- 
cated,  but  basically  similar,  configuration  have 
been illustrated or observed by various cytologists 
in  meristematic  maize  cells  (9),  in  ameloblasts 
from  the  "zone  of detached  ameloblasts"  of  the 
enamel organ of the rat (12),  in the splenic retic- 
ular  cell  (8),  and  in  pancreatic  acinous  cells 
believed  to  be  recovering from ethionine  poison- 
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